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Abstract: The lamellar matrix of VOPO4·2H2O was used as the host species to pre-
pare a VOPO4–1,3-diaminopropane coordination compound. The oxovanadium
matrix and the synthesized hybrid were characterized by elemental analysis, infared
spectroscopy, thermogravimetry, X-ray diffractometry and SEM microscopy. The
elemental analysis results, as well as the X-ray diffraction patterns and quantum
chemical calculations, strongly suggest that the synthesized matrix is an equimolar
(1:1) mixture of two compounds with the formulas VOPO4·H2N–(CH2)3–NH2 and
VOPO4·H2N–(CH2)3–NH20.5. The SEM micrographs obtained for the VOPO4– dia-
minopropane hybrid matrix show that the microstructure of VOPO4·2H2O is chan-
ged after reaction, with an overall exfoliation of the oxovanadium matrix.
Keywords: intercalation compounds, vanadium phosphate, nanostructure.
INTRODUCTION
Oxovanadium phosphate, VOPO4·2H2O, is used as a catalyst, or as a precur-
sor for catalysts. It is a layered compound in which the six oxygen atoms around
the vanadium atom form an almost regular octahedron. The weaker interlayer
binding makes VOPO4·H2O and its analogues attractive as potential hosts for co-
ordination intercalation reactions.1–7
Intercalation reactions of neutral host lattices usually occur via electron trans-
fer between the guest species and the host lattice. Furhermore, vanadium(V) com-
pounds are strong oxidants, and vanadium phosphate catalysts are able to promote,
for example, the oxidation of alcohols to ketones.8
The synthesis and characterization of VOPO4 intercalation compounds with
aliphatic amines from C1 to C10 have been reported.
9,10 However, the used syn-
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thetic approaches for the intercalation of such class of molecules were quite differ-
ent from those employed here. Furthermore the use of diamines could provide in-
teresting results from a structural study point of view, since they exhibit two coor-
dination sites (N atoms), and so are able to interact with two different vanadium at-
oms of opposite layers.
The aim of this study was the synthesis and characterization of an oxova-
nadium phosphate–1,3-diaminopropane coordination compound prepared at room
temperature in an aqueous medium. The main purpose was to investigate the possi-
ble effects of such an intercalation on the nano and microstructure of the oxova-
nadium lamellar matrix, since its structure exerts strong and remarkable effects on
its possible catalytic applications.8
EXPERIMENTAL
VOPO4·2H2O was synthesized, as previously described,
7 by refluxing a mixture of V2O5 (25
g), H3PO4 (85 %, 223 g) and H2O (577 cm
3) at 130 oC for 16 h. The yellow product was filtered off,
washed with acetone, and dried at room temperature.
The oxovanadium phosphate–diaminopropane intercalation compound was synthesized by
dissolution of 1.0 g of VOPO4·2H2O in 60 cm
3 of H2O. To this solution, 0.5 cm
3 of bidistilled
diaminopropane was slowly added at room temperature. The formed precipitate was dried at room
temperature in a fume cupboard for 5 days.
Carbon, hydrogen and nitrogen elemental analyses were performed in a Perkin-Elmer appara-
tus. Infrared spectra were recorded using a Bomem apparatus in the range 4000–400 cm-1 with a res-
olution of 4 cm-1 using the KBr technique.
TG curves were obtained using a Shimadzu TGA 50 apparatus, under an Ar atmosphere at a
heating rate of 10 oC min-1. The X-ray diffraction patterns were recorded with a Shimadzu XD-3A
equipment, using CuK radiation (35 kV, 25 mA). SEM micrographs were taken with a Jeol micro-
scope, model JSM T-300 using an accelerating voltage of 15 kV.
To calculate the length of the 1,3-diaminopropane molecule, as well as the interlayer distance
for the synthesized coordination compounds, quantum chemical calculations (Hartree-Fock, STO-3G)
were performed using the Spartan-Pro 1.0.3 package.11
RESULTS AND DISCUSSION
The X-ray diffraction patterns for -VOPO4·2H2O and the synthesized oxo-
vanadium phosphate–1,3-diaminopropane lamellar hybrid matrix are shown in
Fig. 1. The diffraction pattern obtained for VOPO4·2H2O, Fig. 1(a), is in agree-
ment with previously reported results.12,13 The oxovanadium phosphate exhibited
diffraction peaks at 11.8o, 18.5o and 23.9o, due to the 001, 101 and 002 diffraction
planes,12 with associated d values of 0.75, 0.48 and 0.37 nm, respectively. On the
other hand, the obtained intercalation compound exhibited a 001 diffraction peak
at 8.8o, Fig. 1(b)* with an associated d value of 1.00 nm. Many other diffraction
peaks were observed, for which no unambiguous assignments are possible. How-
ever, they suggest that the obtained hybrid was not a single compound, but a mix-
ture of two or more compounds.
Based on data of quantum chemical calculations an intercalation structure
could be proposed, as illustrated in Fig. 2 (a). For the proposed structure, the calcu-
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lated interlayer distance is 0.97 nm, which is in very good agreement with the ex-
perimental value (1.00 nm). This proposed coordination structure suggested the
formula VOPO4·H2N–(CH2)3–NH20.5 for which the calculated values of the C,
H and N percentages are 9.19 %, 3.10 % and 7.15 %, respectively. On the other
hand for the compound with the formula VOPO4·NH2–(CH2)3–NH2, the calcu-
lated values are 15.66 %, 4.35 % and 12.18 %, respectively. However, the experi-
mental values are C = 12.52 %, H = 4.60 % and N = 9.24 %. Hence, based on the
experimental elemental analysis results, and the calculated ones, it is proposed that
the synthesized compound is an equimolar (1:1) mixture of the compounds with
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Fig. 1. X-ray diffraction patterns for VOPO4·2H2O (a) and
the VOPO4–diaminopropane hybrid (b).
*is the 001 dif-
fraction peak for VOPO4
.H2N–(CH2)3–NH20.5 and
**is
the 001 diffraction peak for VOPO4
.H2N–(CH2)3–NH2].
Fig. 2. Schematic representation of
the coordination structure of
1,3-diaminopropane molecules into






according to experimental X-ray dif-





for such a mixture, the mean calculated values are: C = 12.68 %, H = 3.52 % and N
= 9.86 %, which are in agreement with the experimental values. The higher experi-
mental hydrogen content could be attributed to the presence of small amounts of
adsorbed water. Such a hypothesis is supported by the experimental TG data, as
commented on later. In addition, if there is a compound with the formula
VOPO4
.H2N–(CH2)3–NH2 a diffraction peak in the X-ray pattern must be asso-
ciated with its interlayer distance. This is the case, since a diffraction peak at 8.3o,
Fig. 1(b)**, associated with a d value of 1.06 nm is observed. For such a compound,
one nitrogen atom of the diamine molecule is coordinated to vanadium, and the
other one is hydrogen bonded to a water molecule of a neighbouring layer, as illus-
trated in Fig. 2 (b). For such a coordination structure, the calculated interlayer dis-
tance is of 1.07 nm, which is in good agreement with the experimental value of
1.06 nm.
The results shown in Fig. 1 suggest that the layered structure of VOPO4
.2H2O
was retained after reaction, despite a decrease in the crystallinity of the inorganic
matrix, VOPO4·2H2O.
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Fig. 3. TG curves for
VOPO4
.2H2O (a) and the
VOPO4–diaminopropane hybrid
(b).
The obtained TG and differential TG curves (DTG) are shown in Fig. 3. As
can be observed, the vanadium phosphate matrix, Fig. 3 (a), exhibits two distinct
mass loss steps, in the range 60 – 110 oC, associated with the dehydration pro-
cesses: VOPO4·2H2O  VOPO4·H2O+H2O and VOPO4·H2O  VOPO4 + H2O.
The profile of this TG curve is in good agreement with previously reported re-
sults.12 However, the temperature range observed for the mass losses are quite dif-
ferent. Such a fact could be attributed to the diferences in the heating rates and at-
mosphere employed in each work.
Two types of water molecules are present in VOPO4·2H2O: one water mole-
cule is coordinated to vanadium, in a trans position to the V=O group,13 and the
other one is situated between the layers. Both water molecules hold the layers to-
gether by hydrogen bonding to the oxide framework. Based on these consider-
ations, the first mass loss can be attributed to the release of interlayer water mole-
cules, and the second mass loss to the coordinated ones.
The TG curve for the VOPO4–diaminopropane hybrid, Fig. 3(b), exhibits a
mass loss step at 45 oC, due to the release of adsorbed water molecules. Subse-
quently, a further three loss steps are observed, due to the release of the organic
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Fig. 4. IR spectra for VOPO4
.2H2O
(a) and the VOPO4–diaminopropane
hybrid (b).
moiety. The fact that the organic molecules are released in more than one step, sup-
ports the hypothesis of a double composition.
The obtained IR spectra are shown in Fig. 4. For VOPO4·2H2O, the main bands
are located at 3583, 1606, 1093, 946 and 683 cm–1, due to the (OH), 	

as(P–O), (V–OH) and the (V–OH) or (P–OH) vibration modes, respectively.
12
For the synthesized hybrid, the most prominent bands are at 1620, 1493 and 1052
cm–1, related to the N–H bend (scissoring), s, CH2 (scissoring) and C–N stretch, re-
spectively.14 Furthermore, bands at 1571, 949 and 737 cm–1 in the IR spectrum of
the hybrid matrix could be related with those at 1606, 946 and 683 cm–1 in the
VOPO4·2H2O matrix. Such shifts in the infrared bands suggest the coordination of
nitrogen atoms of 1,3-diaminopropane to the vanadium atom of the inorganic matrix,
replacing the water molecule in the coordination sphere of V. Such a hypothesis is
confirmed to some extent by the obtained elemental analysis, X-ray diffraction pat-
terns and TG results. The profile of the absorption bands around 1000 cm–1, due to
the VOPO4 lattice vibration were retained after reaction, providing evidence for the
formation of an intercalation compound and not merely a salt of V-P-O species.7
This infrared data also supports the X-ray diffraction data.
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Fig. 5. SEM micrographs for VOPO4
.2H2O,
750x (a) and the VOPO4–diaminopropane
hybrid, 500x (b).
The obtained SEM micrographs are shown in Fig. 5. VOPO4·2H2O exhibits a
typical platy morphology. The SEM micrograph for the VOPO4– diaminopropane
hybrid matrix shows that the microstructure of VOPO4·2H2O changed on reaction,
with a total exfoliation of the oxovanadium matrix. Such a phenomenon was also
observed for the first VOPO4·2H2O intercalation compound synthesized via a so-
lid state route,15 as well as for a VOPO4–polyaniline hybrid.
16 It was recently veri-
fied17 for dodecylamine and nicotinamide compounds that the reactivity and mod-
ifications into nano and microstructures of the VOPO4·2H2O matrix after reaction
are, for a given compound, affected by the employed experimental intercalation
approach, i.e., solid state or solution.
CONCLUSIONS
The obtained experimental results show that intercalation of diaminopropane
into the lamellae of VOPO4·H2O (at least in the stoichiometric ratio used in this
work), leads to the formation of an equimolar (1:1) mixture of two compounds with
formulas VOPO4·H2N–(CH2)3–NH2 and VOPO4·H2N–(CH2)3–NH20.5, which ex-
hibit different coordination features. Furthermore, such intercalation promotes the
exfoliation of the oxovanadium matrix, as visualized by SEM images.
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Lamelasta matrica od VOPO4
.2H2O kori{}ena je kao osnova za dobijawe koordinaci-
onog jediwewa VOPO4–1,3-diaminopropan. Oksovanadijumska matrica i sintetizova-
ni hibrid karakterisani su elemenalnom analizom, infracrvenom spektroskopijom, ter-
mogravimetrijom, difrakcijom X-zraka i skeniraju}om elektronskom mikroskopijom. Re-
zultati elementalne analize, kao i difraktogrami X-zraka, sugeri{u da je sintetizovana
matrica ekvimolarna (1:1) sme{a dva jediwewa ~ije su formule VOPO4
.[H2N–(CH2)3–NH2] i
VOPO4
.[H2N–(CH2)3–NH2]0.5. SEM mikrofotografije dobijene za hibridnu matricu
VOPO4–diaminopropana pokazuju da je mikrostruktura VOPO4
.H2O promewena posle reak-
cije uz potpuno qu{tewe oksovanadijumske matrice.
(Primqeno 10. novembra 2004)
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